The tackiness presented by resins causes problems in performing the incremental technique, which can be improved by using lubricants in handling. Aim: To evaluate the influence of two adhesive systems as brush lubricants on the degree of conversion, translucency and intrinsic color stability of composite resins. Methods: Samples (n=10) were fabricated according to the composites (Filtek Z350 XT, IPS Empress Direct, and Esthet X HD), shades (bleach shade and A2), and lubricants used (Adper Single Bond 2, Adper Scotchbond Multi-Purpose bonding agent, and no lubricant). Single composite increments were inserted into a Teflon mold. The composite surface was then modeled using a brush dipped in an adhesive system. The control group was fabricated with no additional modeling. The surface degree of conversion (DC) was measured using Fourier transform infrared spectroscopy; translucency and intrinsic color stability were accessed using a spectrophotometer. Data were analyzed using three-way ANOVA and the Tukey test (p<0.05). Results: Scotchbond Multi-Purpose decreased the DC of all composites and shades in comparison with the control group (p<0.05), although it did not decrease color stability (p<0.05). The bleach shade of IPS Empress Direct and Esthet X HD showed higher translucency than the A2 shade when lubricated with the adhesive systems (p<0.05). Conclusion: Therefore, the two tested adhesive systems used as brush lubricants on composites promoted changes to the surface degree of conversion and aesthetic properties.
Introduction
The current emphasis in aesthetic dentistry has placed great importance on the achievement of a perfect smile. Due to the request for white teeth, individuals often require tooth bleaching with carbamide or hydrogen peroxides. The use of bleach shade composite resins is then of great relevance, since restorations that were completed prior to tooth bleaching should be replaced, as the peroxides do not change the composite color 1 . Therefore, obtaining adequate physical and aesthetic properties of bleach shade composite resins can prolong the lifetime of tooth restorations using bleach shade composite resins.
Bleach shade composites can present changes in chemical composition when compared with composites of traditional shades, especially regarding the photoinitiator system. Camphorquinone is unstable and tends to yellow over time due to its combination with tertiary amines 2 . Therefore, it has been replaced with less yellow photoinitiators, such as phenylpropanedione (PPD), trimethylbenzoyl-diphenyl-phosphine oxide (TPO), and phenylbis (2,4,6-trimethylbenzoyl)-phosphine oxide (BAPO) 3, 4 to decrease yellowing over time. On the other hand, the organic matrix of bleach shade composites has not changed in comparison with those traditional shades. Stickiness between the composite and the dental instrument still remains due to the presence of viscous monomers 5 , causing difficulty in modeling the material 6 .
Instrument lubricants have been used to reduce stickiness between the composite and the instruments such as brushes to facilitate composite modeling and prevent drag 7, 8 . However, the effects of these lubricants on the physical properties of the composites and the longevity of the restorations are not yet fully clarified, especially for bleach shade composites. Laboratory studies have indicated that the use of lubricants on instruments during composite insertion does not negatively affect the cohesive and flexural properties [6] [7] [8] . In relation to the surface properties, the impregnation of adhesives and alcohol can alter the degree of conversion and the crosslink density of some nanocomposites with traditional shades 9 . It is known that a low degree of conversion is associated with increased growth of biofilm, the release of monomers, composite solubility, and greater susceptibility to staining 10 .
When considering optical properties, translucency can be described as a state between complete transparency and complete opacity 11 , and is one of the factors responsible for influencing the final color of the composite 12 . These optical properties must be faithfully reproduced by the restorations for a natural comparison with natural teeth 13 .
When taking into account the emerging relevance of restorative procedures after tooth bleaching using bleach shade composites, the present study aimed to evaluate the influence of different brush lubricants on the degree of conversion, translucency, and intrinsic color stability of composite resins of bleach and conventional A2 shades. The null hypothesis tested is that the lubricants do not affect the degree of conversion, the intrinsic color stability, or the translucency of the composite resins.
MATERIALS AND METHODS

Experimental design and preparation of samples
This study implemented a 3 x 2 x 3 factorial design. The compositions of the materials used in this study are listed in Table 1 .
A total of 180 specimens were prepared according to different groups (n = 10 per group) ( Figure 1 ). Composites were inserted into Teflon molds (5 mm diameter × 2 mm height) with a spatula (Thompson no. 1, Thompson Dental Products, Houston, TX, USA) in a single increment. The composite surface was then modeled using a flat composite brush (nº 1021, Hot Spot Design, Cugy, Switzerland) coated with an adhesive system SB and MP. No material was impregnated in the brush for the control group (CT). One drop of the material was applied to the brush head to coat the brush with adhesive systems, and excess was removed by stroking onto a glass plate for 3 s on each side of the brush. Sculpting consisted of three sweeping motions of the adhesive-dampened instrument against each half of the circular composite surface (a total of six motions for each sample) 9 .
The composite was photoactivated for 20 seconds using a light emitting diode (LED) (Coltolux LED; Coltène Whaledent, Altstätten, Switzerland) with a light intensity of 1200 mW/cm 2 . A microscopy slide was pressed on the top of the samples to obtain a smooth surface, thus standardizing the distance between the light source and the composite resin during photoactivation. The tip of the light emitting diode was placed in contact and perpendicular to the slide's surface, covering the entire surface of the sample, since the tip diameter was larger than the sample diameter. After photoactivation, the specimens were removed and the excess material was removed with a scalpel blade. The specimens were stored in dry, light-proof containers in an oven at 37ºC for 24 hours.
Degree of Conversion (DC)
The DC was evaluated 24 hours after curing using a Fourier Transform Infrared spectrometer (FTIR) (Spectrum100 FTIR/ATR; Perkin Elmer, Shelton, CT, USA) coupled to an atten- . Samples were then stored in water at 37ºC for 24 hours.
Intrinsic Color Stability (ΔE) and Translucency
The intrinsic color stability and translucency evaluations were performed using a spectrophotometer (VITA Easyshade, Vita Zahnfabrik, Bad Sackingen, Germany). Following 24 h and 30 days of water storage, the initial (Ti) and final (Tf) color values, respectively, were taken using standard white and black ceramic backgrounds. Each specimen and surface was assessed five times at the same assessment time and the average value was calculated. A silicon (Express XT, 3M ESPE, St. Paul, MN, USA) barrier was fabricated to surround the interface between the specimen and the spectrophotometer tip to avoid interference from external light. The silicon barrier allowed the tip to be placed on the same area of the specimen for both color measurements. 
Statistical analysis
The data of the DC, intrinsic color stability, 24-h and 30-day translucencies were analyzed statistically by three-way ANOVA and Tukey's post-test with a significance level of 5% (p<0.05). All analyses were performed using ASSISTAT 7.7 beta software.
RESULTS
DC
There was a statistically significant difference between composites (p<0.05), between lubricants (p<0.05) and the interaction between composites and lubricants (p<0.05). The comparisons between the groups are listed in Table 2 . When com-pared to the control group, MP reduced the DC of all composites. SB decreased the DC for both ED composite shades, and only increased the DC of the HD composite in A2 shade. There was no statistically significant difference in the control groups for either shade. There was a statistically significant difference between the shades for the XT composite when interacting with all the lubricants, and only for the HD when lubricated with MP.
Intrinsic Color Stability
There was a statistically significant difference between composites (p<0.05), between lubricants (p<0.05) and in the interaction between composites and lubricants (p<0.05). The comparisons between the groups are listed in Table 3 . MP promoted higher color change values for the HD composite in the A2 shade when compared to the control group. There was a statistically significant difference between the shades for the ED and HD composites in the control group, with higher color change values for the A2 shade. 
24-h Translucency
There was a statistically significant difference between composites (p<0.05), between lubricants (p<0.05) and in the interaction between composites and lubricants (p<0.05). The comparisons among the groups are listed in Table 4 . With the exception of composites for bleached teeth lubricated with MP, there was a statistically significant difference in translucency for all composites, including the control groups. Only the HD composite in the A2 shade showed no statistically significant difference between the lubricants used. There was an increase in the translucency with the use of lubricants for the XT and a decrease for the ED in both shades, whereas there was only a decrease in the HD composite. There was also a difference between the shades for all SB-lubricated composites and only for the MP-lubricated HD composite, as well as the control group for XT and HD composites.
30-day Translucency
There was a statistically significant difference between composites (p<0.05), between lubricants (p<0.05) and in the interaction between composites and lubricants (p<0.05).
Comparisons between the groups are listed in Table 5 . Only the XT composite in the A2 shade showed an increase in translucency when lubricated with SB and MP, Table 5 . Means (standard deviations) of the translucency parameter after 30 days of immersion in distilled water according to the colors, resins and lubricants used. whereas only the HD composite in the bleach shade decreased its translucency when lubricated with SB. The comparison between the shades showed higher translucency values for all the composites in the control groups, while only the XT showed no difference for the other lubricants.
DISCUSSION
The null hypothesis tested in this study was rejected, since the use of lubricants promoted changes in the DC and optical properties of the tested composites in their different shades.
DC is the percentage of monomers that were converted into polymer during polymerization 17 . As a consequence, its deficit implies weakening of the mechanical properties of the material, thereby affecting the quality of the formed resinous polymer 18, 19 and the restoration's longevity 4 . In fact, DC depends on the material components such as the type and concentration of monomers, photoinitiators, pigments, and filler content 14, 20, 21 . Light intensity of the photoactivation device, photoactivation time, and distance between the light source and composite also influence the final DC of the composite 20 .
In this study, MP decreased the DC for all the composites, regardless of the tested shades. MP is a bonding agent that does not contain solvent and has 60 to 70% of Bisphenol A glycidyl dimethacrylate (Bis-GMA), a high molecular weight monomer that promotes decreased DC in composite resins 19 A higher incorporation of Bis-GMA at the composite surfaces that were lubricated with MP likely decreased the DC in comparison with the control group. In contrast, it is likely that more hydrophilic low molecular weight monomers remained in the brush after the solvent evaporation of SB due to its chemical composition. As low molecular weight monomers increase the DC of polymer-based materials 19 , it can presume that a positive interaction between the low molecular weight monomers of SB, the low molecular weight monomers and the pigments of the A2 shade HD occurred, which increased the DC of HD only for the A2 shade. On the other hand, the absence of TEGDMA in ED may have impaired a chemically positive interaction between the residual hydrophilic monomers that remained from SB on the brush with those of the composite, leading to decreased DC for ED. However, further chemical analysis should be performed to confirm these assumptions.
The fact that the bleach shade of XT presented a higher DC when compared to A2 for all the tested lubricants can probably be attributed to the difference in the nature and color of the pigments. Lighter pigments may be present in the bleach shade of XT than in the bleach shade of ED and HD, favoring greater absorption of light by photoinitiators and higher DC for XT 22 .
Decreased DC is directly related to an intrinsic color change of composite resins due to the release of some coloring substances that can induce material discoloration 23 . However, in this study, composites lubricated with MP showed decreased DC, while only HD in the A2 shade presented a greater intrinsic color change. In fact, because DC was measured on the surface of the samples, it is likely that the color change of the entire sample was not only dependent on the color alteration caused on the surface of the samples.
Tooth restoration color is directly influenced by the translucency and opacity of the composites 1 , which should be reproduced to better mimic the optical properties of dental tissues 13 . Composite translucency is most influenced by the organic matrix 24 and the filler load content 25 . While the former is related to the absorption and reflection of light, the latter is responsible for the dispersion effect that may occur within the restoration structure 26 . Therefore, the way that light is absorbed, reflected, and scattered influences the composite translucency 27 . The increased translucency after 24 hours observed for XT when lubricated by MP and SB is probably due to the absence of oxidation products on the composite due to a greater synergetic interaction between the monomers from the same manufacturer. On the other hand, it is likely the interaction between the monomers from MP and SB with those from ED and HD might have generated oxidation products, which can increase the opacity of the composites 27 . However, further chemical analysis should be performed to confirm this assumption.
Studies have shown that storage in water or solutions with pigments can alter the translucency of composites, mainly due to the degradation of the resinous monomers and leaching of the charged particles 28 . Because translucency involves the amount of light transmitted through a material or body 11 , a less translucent material has fewer color pigments which can obstruct light penetration 29 . Thus, it is reasonable to assume that both lubricants might have promoted an increase in monomer leaching to ED and HD after 30 days of water storage, thereby increasing the translucency.
Some studies have shown that the use of adhesives between composite layers during the incremental technique does not negatively interfere with physical properties such as flexural and cohesive resistance 7, 8 or even that they can increase the physical stability of some composite resins 30 . However, the results of the present study did find a positive influence of the adhesive system used as brush lubricants on the surface and aesthetic properties of composite resins, since the application of a bonding agent as a brush lubricant induced reduced polymerization on the surface and color alterations. In fact, adhesive systems can not randomly be used as a brush lubricant for just any composite resin, so clinicians should be aware of this point. Further studies should be performed to analyze the influence of conventional brush lubricants on the surface properties of conventional and bleach shade composite resins.
The unavailability of details about the chemical composition of the products by the manufacturers was a limitation in this study, because knowing what kind of photoinitiators and pigments are present in the composites would help to understand the behavior of the composite resins and its interaction with the adhesive systems used in the performed analyses.
In conclusion, the two tested adhesive systems used as brush lubricants on composite surfaces in a bleach shade promoted changes to the degree of conversion, intrinsic color stability, 24-h translucency and 30-day translucency of all composites tested.
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